Introduction
Collection of biological and genetic information is associated with unique procedures and respondent burdens that go beyond traditional observational epidemiologic research. Some participants are reluctant to donate a biological specimen due to concerns about disclosure of genetic information, and as a result, the collection of biological specimens is often less complete than the collection of other survey data. Gathering genetic samples in population-based epidemiologic research is crucial to studying gene-environment interactions, particularly between common environmental exposures and lowpenetrance alleles [1] . Most studies examining the acceptability of genetic research have relied on clinic samples or subpopulations defined by risk status [2, 3] . There is little empirical research examining the characteristics associated with the willingness to participate in genetic components of observational population-based studies; research concerning the acceptability of genetic studies has tended to rely on participants' responses to hypothetical research situations [4] [5] [6] [7] . Recently, the National Health and Nutrition Examination Survey reported a trend for non-Hispanic Black survey participants to be less willing to donate a DNA sample for future research compared with other racial groups [8] , whereas smaller community-based samples have reported no association between race and the donation of DNA [9] . Additionally, there have been conflicting reports regarding the influence a family history of disease has on the willingness to participate in research [10, 11] . Disparities such as these threaten the internal validity of the study findings, specifically concerning selection bias and population stratification. Selection bias occurs when the relationship between an exposure (e.g., genotype) and outcome (e.g., phenotype) is different for those who actually participate compared with those eligible for the study [12] . Selection bias can lead to spurious associations between exposures and outcomes [13, 14] . Population-stratification of exposures (e.g., candidate alleles) and outcomes can lead to spurious associations between genotype and phenotype that have no causal significance [15] . If certain groups (e.g., ethnic groups) are more or less willing to participate in population genetic research, associations found between an allele and a phenotype may be due only to different allele frequencies between groups within the study sample rather than having any causal significance [16] .
There are 3 primary methods for obtaining a DNA sample in a large epidemiologic survey: blood (both venous blood and blood spots), cheek (buccal) swab and mouthwash. These methods have been used to different degrees of success, both in terms of subject participation and DNA yield [17] [18] [19] . Because of the quick pace of genetic research, there has been a push recently to ask subjects to consent to storage of their DNA sample for as-yet undetermined future analyses [1] , and there are several such 'bio-banks' currently operating worldwide (e.g., UK Biobank) [20] . This approach may have various levels of acceptability among different subpopulations, even if they are willing to donate DNA for specific analyses described in the consent form [5, 8, 21] .
The purpose of this study was to investigate the sociodemographic, mental and physical health characteristics associated with the willingness to donate a DNA sample and consent to long-term storage of that sample in a longitudinal community-based survey, the Baltimore Epidemiologic Catchment Area (ECA) Study. Results from this study may inform the design and execution of future molecular epidemiologic population-based studies.
Method

Sample
The Baltimore site of the ECA Study was 1 of 5 sites of the National Institute of Mental Health ECA Project, which was initiated in 1981 to document the prevalence, incidence and natural history of psychiatric disorders in the general population [22] . The Baltimore site has conducted 4 survey waves over the past 23 years. In the wave 4 2004/5 follow-up, self-report survey data were collected on 1,071 members of the original 3,481 respondents. The wave 4 sample included 63% females, 62% Caucasians, 35% African-Americans and 3% other racial groups, which is nearly identical to the composition of the original cohort. All cohort members were at least 18 years old in 1981, and thus, all respondents were at least 40 years old at the 2004/5 follow-up. In addition to the questionnaire, all 2004/5 follow-up participants were asked to donate a biological sample. The 1,071 participants interviewed at wave 4 were the focus of this study.
Collection of Biological Samples
Participants were initially asked to donate a blood sample, and if they were unwilling and/or unable to donate, they were asked to donate a buccal (cheek) sample instead. Participants received a honorarium of USD 125 for participating in the survey, but did not receive any additional compensation for agreeing to donate a biological sample or consenting to genetic testing storage of that sample.
There were 3 separate consent forms used in the survey: (1) a study questionnaire, (2) collection of a blood sample, and (3) collection of a buccal sample. Some participants were interviewed by phlebotomist interviewers who would discuss the biological collection procedures and draw blood from consenting participants immediately following the questionnaire, while others were interviewed by non-phlebotomist interviewers who would discuss the biological sample collection portion of the study and confirm that a study phlebotomist could contact the participant about the procedure. The willingness to donate a biological sample was determined by whether or not the participant signed either the blood or buccal consent form.
Both the blood and buccal collection consent forms contained 2 options concerning the genetic analysis of the sample indicated by individual check boxes: (1) consent to only specified genetic analyses, and/or (2) storage of the DNA sample for unspecified future research. The 4 genetic analyses specified in the consent form were apolipoprotein (APOE), serotonin transporter (5HTT), monoamine oxidase A (MAOA) and tyrosine hydroxylase (TH). The respondents indicated whether they would allow analysis of the specified genes, storage of their DNA sample for future genetic analysis, neither, or both, an approach recommended for population-based research [1] . Consent to allow specified genetic testing was determined by whether or not the participant had checked the box stating: 'I agree to the following: testing APOE, 5HTT, TH and MAOA.' Consent to allow storage of DNA for unspecified future research was determined by whether or not the participant had checked the box stating: 'I agree to the following: storage of my DNA for other medical research.' Concerning the 4 specified genes, the consent form stated: 'These genes are associated with dementia, diabetes, depression, and cardiovascular disease.' Concerning the need to store the participant's DNA sample indefinitely for future unspecified analyses, the consent form stated: 'Your DNA may be use to study the genetic influences of genes other than the ones listed above on the health and mental health problems of people like you. Since important genes no one knew about are being identified all the time, and will be in the future, it will help the success of the study if you allow us to grow a cell line and study genes that have not yet been identified.'
Measurement of Physical and Mental Health Characteristics
Diagnosis of major depressive disorder was determined using the Diagnostic Interview Schedule, a self-report instrument designed for the ECA Project that contains items and probes intended to replicate a psychiatrist's interview [23] . The validity and reliability of the Diagnostic Interview Schedule has been investigated in the ECA sample with conservative results (e.g., it tends to under-rather than overdiagnosis relative to a psychiatrist's interview) for nonpsychotic conditions (e.g., depression and anxiety) [24] . The participant's physical health conditions ('Have you ever had…') and family history of health conditions ('Did your mother, father, sisters or brothers have…') were assessed by selfreport. Self-report measures of diabetes [25] , angina [25] , heart surgery [25] and cancer [26] have been shown to be comparable with those assessed by medical records.
Data Analysis
All analyses were conducted using STATA (version 8) statistical software [27] . Multiple logistic regression was used to analyze 5 dichotomous outcomes: (1) consent to donate a blood sample, (2) consent to donate a buccal sample, (3) consent to donate a biological sample (blood and buccal combined), (4) consent to genetic testing, and (5) consent to DNA storage for future research. Three sets of participant characteristics were investigated: sociodemographic variables (age, race, sex and years of education), family history of health conditions (the 4 conditions listed in the consent form described above and 2 common conditions -asthma and cancer -that were not listed for comparison), and participant physical and psychological health variables (again, the conditions listed in the consent form, with the exception of dementia, and 2 common conditions -asthma and cancer -that were not listed for comparison).
Results
Demographic Characteristics
Of the 1,071 participants interviewed, 683 agreed to donate a blood sample and 291 agreed to donate a buccal sample (some participants donated both due to incomplete blood draws). In total, 888 participants (83% of the sample interviewed at wave 4) agreed to donate a biological specimen in some form ( table 1 ) , and complete data were available on 885 of these participants. Ninety-seven percent (n = 861) of those who donated a biological sample agreed to genetic testing of the 4 loci listed in the consent form. Eighty-nine percent (n = 791) of those who consented agreed to storage of their DNA for future research.
Blacks were significantly less likely than members of other racial groups (94% of which were White) to consent to donate a blood sample (OR 0.618; 95% CI 0.465-0.822). There was a nonsignificant trend for Blacks to be more willing to consent to donate a buccal sample in lieu of blood. As shown in table 2 , there was no association between race and the consent to donate a biological sample (blood or buccal) in general (OR 0.93; 95% CI 0.66-1.31) after adjusting for age, sex and education. There was no association between gender or age and the consent to donate a biological sample or allow genetic testing or storage of that sample. Blacks were half as likely to allow storage of their DNA sample for future research after controlling for age, sex and education as compared with members of other racial groups.
Family History of Health Conditions
The consent forms to donate blood and buccal samples specifically referenced 4 genes and 4 health conditions associated with those genes: dementia, diabetes, depression and cardiovascular disease ( table 3 ) . Participants with a family history of any of these 4 conditions were 68% more likely to consent to donate a specimen than those without a positive family history. However, a family history of these conditions did not affect the willingness to allow genetic testing or storage for future research. Participants with a family history of cardiovascular disease (including heart disease, stroke, heart surgery before age 60 and/or arteriosclerosis) were more likely to consent to donate a biological sample than those without, after adjusting for age, race, sex and education (OR 1.41; 95% CI 1.02-1.96). However, there was no association with a family history of hypertension or high cholesterol and the willingness to donate (data not shown). This may be due to the fact that many participants are unaware of their family history regarding these conditions. There was no association with a family history of cardiovascular disease and the consent to DNA testing or storage. Participants with a family history of diabetes were more likely to consent to donate a biological sample (OR 1.82; 95% CI 1.30-2.54) after adjusting for age, race, sex and education. Participants with a family history of depression were more willing to allow genetic testing than those without (OR 1.86; 95% CI 1.14-2.48). As an additional comparison, we evaluated the association between family history of 2 common conditions not listed in the consent form -asthma and cancer -and the willingness to donate. As shown by table 2 , a family history of cancer or asthma was not associated with the willingness to donate or allow genetic testing. Figures in parentheses indicate percentages of the total wave 4 sample (n = 1,071), and figures in brackets indicate percentages of the consent to donate either/both. a This value is less than the sum of blood and buccal samples because some participants (n = 85) provided consent for both blood and buccal samples due to incomplete blood draws.
b This value is less than the total number of people who consented to donate a specimen (n = 888) because participants could choose to only allow nongenetic testing by not checking either of the boxes for specified genetic analyses or storage for future research. 
Participants' Physical and Mental Health Characteristics
Participants with a personal history of cancer were less willing to allow genetic testing after adjusting for age, race, sex and education (OR 0.21; 95% CI 0.08-0.54) ( table 4 ). Participants with a personal history of major depressive disorder were more likely to allow genetic testing of their DNA sample, but small cells prevented statistical modeling of this relationship (data not show). There were no significant associations between the other physical health conditions and the willingness to donate, allow genetic testing or allow storage for future research.
Discussion
The consent forms used in the 2004/5 Baltimore ECA Follow-Up Study for the collection of blood and buccal samples modeled the suggested format developed by eth- Figures in parentheses are 95% CIs. Cancer includes breast, prostate and/or colon cancer; heart problems include stroke, heart surgery before age 60, arteriosclerosis and/or heart disease; dementia includes Alzheimer disease and/or severe memory loss with age. n = 875 for family history of asthma due to missing data. 1 Adjusted for age, sex, race and education. * p < 0.05; ** p < 0.01. Figures in parentheses are 95% CIs. Cancer includes self-report of any type; heart problems include selfreport of myocardial infarction, angina, congestive heart failure and/or heart disease.
Cancer: donate biological sample (n = 1,062) and testing/storage for future research (n = 880) due to missing data. Asthma: donate biological sample (n = 1,059) and testing/storage for future research (n = 878) due to missing data. Heart problems: donate biological sample (n = 1,059) and testing/storage for future research (n = 877) due to missing data. Diabetes: donate biological sample (n = 1,066) and testing/storage for future research (n = 884) due to missing data. Major depressive disorder: donate biological sample (n = 1,050) and storage for future research (n = 869) due to missing data. Small cells prevented statistical adjustment of the regression model of major depressive disorder on genetic testing. 1 Adjusted for age, sex, race and education. * p < 0.01.
icists and researchers to better inform participants of their alternatives to participation and the risks associated with the donation of a DNA specimen [1, 28] . Factors that affect the willingness to donate a biological sample in an epidemiologic study are not the same as those associated with the willingness to allow genetic testing of that sample or storage of the sample for unspecified future research. Age was consistently inversely associated with the willingness to allow genetic testing of the sample, but this effect was modest. Race was the strongest predictor of consenting to storage of the biological sample for future research, with Blacks being 50% less likely to consent to storage of their samples as compared with members of other racial groups. There was no effect of sex on the willingness to donate, allow testing or allow storage of the sample.
Our results are consistent with previous studies of public attitudes reflected in surveys of hypothetical situations towards donating DNA for unspecified future research. Wang et al. [7] found that approximately one fifth of adults in the United States would be unwilling to consent to donate a DNA sample for either specified genetic testing or storage for future research, a finding that has been reported in European samples as well [5] .
Family history of health conditions, particularly those mentioned explicitly in the consent form as compared with those not mentioned (e.g., asthma and cancer), influenced the willingness to donate a biological sample. This finding indicates that researchers may want to include statements regarding the specific research interests (e.g., physiologic processes or pathways) of the study in the consent form rather than blanket statements regarding 'medical research' in order to both better inform participants of the research goals and potentially increase participation.
Our study supports previous findings that individuals are willing to donate biological samples for genetic research without additional compensation or the possibility of personal benefit (e.g., without the possibility of learning test results) from the genetic research [8] . It is possible that long-term contact with the study cohort influenced participation in the biological collection portion of the wave 4 survey, although given that our overall participation rates are similar to those that have been reported by cross-sectional surveys [8] , this is unlikely. Our study indicates that race is not associated with the willingness to consent to donate a DNA sample if multiple collection methods are offered, and that investigators should consider offering multiple methods of DNA donation in order to ensure high participation in all groups. We did not find an association between sex and the willingness to donate, which contradicts earlier reports [8] .
Those with a positive family history of depression, diabetes, cardiovascular disease or dementia were more likely to donate a biological sample in this study, which indicates that selection bias may threaten the internal validity of future genetic association studies [13] . However, since there was no association between family history and consent to genetic testing of the donated samples, this potential threat to validity should not affect analyses of the 4 genes specified in the consent form.
The relationship of race and the willingness to donate a DNA sample is more nuanced than previously reported. Blacks were not less likely to donate a DNA sample once allowance was made for different methods of collection or for genetic testing than members of other racial groups, but were 50% less likely to consent to storage of their DNA for future research. This finding is consistent with previous reports of lower participation rates of Blacks in research studies [7, 8, 11, 29] . It indicates that confounding by population stratification is a potential threat to the validity of genetic association findings, particularly among the stored samples. Population markers have been genotyped on the samples and will be used to quantify and adjust for population stratification in future analyses.
Participants who refuse to consent to donate a biological specimen for genetic analysis are not questioned as to the reasons for their refusal, and therefore, we can only speculate as to why certain groups were less likely to participate in this aspect of the survey. Researchers are beginning to study the participant characteristics and attitudes associated with the willingness to donate biological samples for research [6, 7, [30] [31] [32] and towards research on stored samples [33] [34] [35] , but special attention needs to be paid to the concerns of minorities. Research is needed to determine what concerns participants, particularly Black Americans, have about the storage of DNA and how those concerns can be addressed, as well as how media portrayals [36] , issues related to social inequality [37] and privacy concerns [38] affect public attitudes about genetic research. Research using focus groups, rather than broad questionnaire-driven epidemiologic research, is a promising approach to understanding these concerns [39] . Consent for the storage of samples for unspecified research involves complex respondent burdens (e.g., research can be done on the samples after the participant is deceased, genetic research may reveal liabilities that have been passed on to participant descendants) and thus requires consideration by researchers and those obtaining consent from participants [5, 7, 21, [40] [41] [42] [43] . There is a large body of research concerning the tendency for Black Americans to be underrepresented in some types of research [11, 29, 30, 44] , and the findings from this research may be used to inform study design and execution to ensure adequate participation of racial minorities.
